Purpose To assess the value of PET/CT for detecting local or distant recurrence in patients who undergo surgery for colorectal cancer (CRC) and to compare the accuracy of PET/CT to that of conventional imaging studies (CIS). Methods Tumor surveillance PET/CT scans done between March 2005 and December 2009 of disease-free patients after surgery with or without adjuvant chemotherapy for CRC were retrospectively studied. CIS (serial enhanced CT from lung base to pelvis and plain chest radiograph) were performed within 1 month of PET/CT. We excluded patients with distant metastasis on initial staging, a known recurrent tumor, and a lack of follow-up imaging. The final diagnosis was based on at least 6 months of follow-up with colonoscopy, biopsy, and serial imaging studies in combination with carcinoembryonic antigen levels. Results A total of 262 PET/CT scans of 245 patients were included. Local and distant recurrences were detected in 27 cases (10.3%). On case-based analysis, the overall sensitivity, specificity, and accuracy were 100, 97.0, and 97.3% for PET/CT and 85.1, 97.0, and 95.8% for CIS, respectively. On lesion-based analysis, PET/CT detected more lesions compared to CIS in local recurrence and lung metastasis. PET/CT and CIS detected the same number of lesions in abdominal lymph nodes, hepatic metastasis, and peritoneal carcinomatosis. PET/CT detected two more metachronous tumors than did CIS in the lung and thyroid gland. Conclusion PET/CT detected more recurrences in patients who underwent surgery for CRC than did CIS and had the additional advantage of evaluating the entire body during a single scan.
Introduction
Colorectal cancer (CRC) is the third most common cancer in both sexes in South Korea and constitutes 12.7% of all cancers [1] . Although radical resection followed by chemotherapy and/or radiotherapy is an effective treatment, unexpected recurrence occurs in 30-50% of patients during follow-up [2] [3] [4] [5] . It has often been noted that earlier detection of local recurrence or distant metastasis would allow for more adequate treatment in patients with CRC. Identification of a secondary primary tumor as well as early detection of recurrence or metastasis is also crucial for determining the most appropriate therapeutic management in patients with cancer. In clinical practice, the postoperative status of patients with CRC is evaluated by physical examination, colonoscopy, carcinoembryonic antigen (CEA) level, and imaging studies including abdominal CT, MRI, and chest radiographs. Of these imaging modalities, abdominal CT is widely used, especially for locoregional recurrence, abdominopelvic lymph node metastasis, or hepatic metastasis, but occult lesions may be difficult to visualize. In addition, its field of view is limited to the pulmonary basal portion for the detection of lung metastasis.
The clinical usefulness of 18 F-fluorodeoxyglucose ( 18 F-FDG) positron emission tomography (PET) or PET/CT has been well established in patients with CRC for staging and follow-up [6] [7] [8] . Several studies have demonstrated that the diagnostic performance of PET/CT is superior to that of other imaging techniques [9] [10] [11] . However, these studies focused mainly on patients with either suspected recurrence or a conspicuous finding using other imaging modalities. According to the National Comprehensive Cancer Network (NCCN), clinical practice guidelines in oncology, routine PET, or PET/CT scans are not recommended for routine surveillance in patients with CRC [12] .
Very few studies have considered whether PET/CT in postoperative surveillance programs affects the rate of detection in disease-free patients with CRC. In a prospective study by Sobhani et al. [13] in which 130 patients who had undergone curative surgery were randomized to undergo either PET or a conventional workup during follow-up, among all patients with recurrence, the time until detection of recurrence was significantly shorter in the group that had undergone additional PET scanning than in the group that had undergone only the conventional workup.
In the present study, we assessed the value of PET/ CT as a routine surveillance tool for detecting local and distant recurrence and secondary primary tumors in patients who undergo surgery for CRC and compared the accuracy of PET/CT to that of conventional imaging studies (CIS).
Materials and Methods

Patient Population and Study Design
Tumor surveillance PET/CT scans of disease-free patients from March 2005 to December 2009 after surgery with or without adjuvant chemotherapy for CRC were retrospectively studied. Patients were eligible if they underwent CIS within 1 month of PET/CT. CIS included an enhanced CT from the lung base to the pelvis and a plain chest radiograph. We excluded patients with distant metastasis on initial staging, a known recurrent tumor, and a lack of follow-up imaging. Patient characteristics are detailed in Table 1 . The final postoperative TNM stage was based on the Seventh American Joint Committee on Cancer Staging guidelines. This study was approved by the institutional review board at our institution. Informed consent was waived because of the retrospective design of this study. 18 F-FDG PET/CT Scan and Interpretation All patients fasted for at least 6 h before the PET/CT study. 18 F-FDG was injected intravenously (370-555 MBq) and scanning began 60 min later. None of the patients had blood glucose levels >130 mg/dL before the injection. No intravenous contrast agent was administered. Studies were acquired on combined PET/CT inline systems, either Biograph Duo or Biograph TruePoint (Siemens Medical Solutions, Knoxville, TN). The acquisition time was 2-3 min per bed position. All patients were in a supine position with their arms raised. CT began at the orbitomeatal line and progressed to the upper thigh (130 kVp, 80 mA, and 5-mm slice thickness; 120 kVp, 50 mA, and 5-mm slice thickness). PET followed immediately over the same body region. The CT data were used for attenuation correction, and images were reconstructed using a standard ordered-subset expectation maximization (OSEM) algorithm. The axial spatial resolution was 6.5 or 4.5 mm at the center of the field of view.
Interpretation and Analysis
All PET/CT images were reviewed at a workstation with fusion software (Syngo; Siemens Medical Solutions, Knoxville, TN) that provided multiplanar reformatted images and displayed PET images after attenuation correction, CT images, and PET/CT fusion images. Both PET/CT and CIS images were closely reviewed retrospectively for the presence of local or distant recurrence by consensus of two nuclear medicine physicians who are board-certified in both nuclear medicine and radiology.
The following PET/CT findings were considered recurrence: (1) newly developed lesion that showed significant, nonphysiologic radiotracer accumulation relative to the surrounding tissue, (2) increase in nonphysiologic activity compared to the prior exam, (3) newly developed lung lesion regardless of increased radiotracer uptake. In the same manner, newly developed abnormal density or opacity on the enhanced abdominal CT or plain chest radiograph was considered recurrence. The presence of local recurrence or metastatic disease was assessed in the following body regions: (1) abdominal and/or pelvic lymph node, (2) liver, (3) peritoneum, (4) lung, (5) local tumor site, and (6) other. We performed case-based and tumor site-based analyses for both PET/CT and CIS.
Final Diagnosis
In all patients, the standard of reference was based on histopathologic results and at least 6 months of follow-up with colonoscopy or serial imaging studies in combination with CEA levels. The imaging follow-up comprised PET/CT, abdominal CT, MRI, a plain chest radiograph, and CT. For cases in which histopathologic confirmation was not possible, the final diagnosis was made by follow-up colonoscopy or imaging studies. For example, a lesion with suspicion of malignancy was considered positive for malignant involvement if it resolved after chemotherapy or demonstrated progression on follow-up imaging. A lesion suspicious for malignancy that remained unchanged for at least 6 months of follow-up imaging was presumed to be negative for malignancy. Lesions that spontaneously resolved without further therapy were also considered benign.
Statistical Analysis
The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative predictive value (NPV) of PET/CT and CIS for the detection of local recurrence or distant metastasis were calculated in a case-based analysis. The McNemar test was used to compare the diagnostic accuracy of PET/CT to that of CIS. A p-value of <0.05 was considered to be statistically significant. Statistical analysis was performed using MedCalc 11.1 (MedCalc Software).
Results
Overall, a total of 262 PET/CT scans of 245 patients were included. Repeat PET/CT scans were also included for 16 patients. All patients were evaluated using CIS such as enhanced abdominal CT from the lung base to the pelvis and plain chest radiography within 1 month of PET/CT.
Case-based Analysis
In the final analysis, local recurrence or distant metastasis was confirmed in 27 (10.3%) of 262 cases. Of these, 20 cases were confirmed by pathologic examination and 7 by follow-up imaging studies. As indicated in Table 2 , 27 (100%) of the 27 cases with metastases were detected by PET/CT, and 23 (85.1%) of the 27 cases were detected by CIS. Four metachronous tumors were classified as true lesions. The results of our study show that the sensitivity, specificity, and accuracy of PET/CT (100, 97, and 97.3%, respectively) for the diagnosis of local recurrence or distant metastasis in patients with CRC were superior to those of CIS (85.1, 97, and 95.8%, respectively). However, no significant difference was found between the diagnostic performances of PET/CT and CIS (p00.1172). For PET/CT, 27 cases were true positive, 228 were true negative, and the remaining 7 were false positive. For CIS, 23 cases were true positive, 228 were true negative, 7 were false positive, and 4 were false negative. In terms of tumor 
stage, among the patients with recurrent CRC, 14 patients had stage III (52%), 2 had stage II (7%), 1 had stage I (4%), and the remaining 10 had an unknown stage (37%).
Lesion-based Analysis
Overall, 36 suspicious tumor sites were identified with either PET/CT or CIS. Twenty-four of these sites had true positive findings for recurrent disease, and four had true positive findings for metachronous tumors. Table 3 shows the diagnostic accuracy of PET/CT and CIS by body region. Recurrent tumor sites were located in the region of the colorectal anastomosis site (n06), metastatic abdominal or pelvic lymph nodes (n03), liver (n08), peritoneum (n04), and lung (n03). False-positive and false-negative findings of PET/CT and CIS according to body region are shown in Table 4 . PET/CT detected two more recurrent tumors compared to CIS in the abdominal and extra-abdominal areas. That in the abdomen was histologically confirmed to be a local recurrence in the rectal anastomosis site (Fig. 1) , and the remaining tumor in the extra-abdominal area was a pulmonary metastasis in the right upper lobe (Fig. 2) . No tumors were correctly identified by CIS that had been missed by PET/CT. Both PET/CT and CIS showed false-positive findings in eight lesions: acute inflammation in the presacral space and small bowel mesentery in three cases, reactive hyperplasia of the abdominal or pelvic lymph nodes in three cases, inflammation of the spleen in one case (Fig. 3) , and an inflammatory pulmonary nodule in one case (Fig. 4) . The incidentally detected metachronous tumors were thyroid cancer, hepatocellular carcinoma, bronchioalveolar carcinoma, and pancreatic cancer. Of four metachronous tumors, two (thyroid cancer and bronchioalveolar carcinoma) were revealed only by PET/CT. [7, [14] [15] [16] . However, in most of these, the objective was to assess the ability of PET or PET/CT to visualize a recurrence that was clinically already highly suspected. The present study used PET/CT to monitor disease-free patients with CRC after surgery with or without chemotherapy. In our study, which comprised 245 patients and an 8.7% prevalence of disease (23 patients), PET/CT detected tumor recurrence in all 23 patients (100%). In four patients (1.5%), second primary tumors were incidentally detected by PET/CT.
Recently, the role of PET/CT for detection of recurrence in patients with CRC, and with elevated CEA levels in particular, has been discussed extensively in the literature [16] [17] [18] [19] [20] . The reported sensitivity has ranged from 89 to 98% and the specificity has ranged from 83 to 96%. The results of the present study showed that PET/CT was highly sensitive (100%) in the identification of local recurrence and distant metastasis. The difference between these results and those of previous studies may have arisen from the lower prevalence of recurrence (8.7%) and larger number of patients (n0245) in our study. The relatively low disease prevalence in the present study compared to previous studies may be because this study included only disease-free patients with CRC and excluded patients with known or suspected recurrent CRC. We believe that the greater values of diagnostic performance in our study have important clinical value, although there was no significant difference in the sensitivity, specificity, and accuracy between PET/CT and CIS.
Lee et al. [20] evaluated 63 PET/CT cases involving patients with suspected recurrent CRC according to diverse diagnostic workups and reported that the sensitivity of PET/CT is superior to that of conventional imaging workups, including abdominal CT, for the detection of recurrent CRC (94.9 vs. 56.4%, respectively; p<0.0001). In addition, Mester et al. [10] reported that PET/CT has a higher sensitivity than multidetector CT in patients with CRC and elevated CEA levels for the detection of recurrence (97.3 vs. 70.3%, respectively; p<0.0001). However, we did not find a significant difference in sensitivity between PET/CT and CIS. Because these previous studies initially enrolled CRC patients with suspected recurrent CRC or increased CEA levels, the relatively high pretest probability of recurrence before PET/CT overestimated the sensitivity of PET/CT compared to a conventional imaging workup or multidetector CT. Taking into account the utility of surveillance PET/CT in our study, we CT fusion image showed a solitary nodule (arrow) without FDG uptake in the right lower lobe. Wedge resection confirmed organizing pneumonia can conclude that both PET/CT and CIS are applicable to disease-free patients with CRC for follow-up.
In our study, no false-negative cases of PET/CT were found, whereas four cases, including two metachronous malignancies, were false negative for CIS. In one case, PET/CT detected local recurrence in the rectal anastomosis site, which was missed by enhanced abdominal CT imaging. This result is explained by the difficulty in identifying attenuation differences between recurrent tumors and postoperative changes in anastomosis sites on enhanced abdominal CT images. The remaining three lesions were located in the extra-abdominal areas, which was not included in the field of view on the abdominal CT. There was one metastatic nodule and two metachronous tumors (bronchioalveolar carcinoma and thyroid cancer). In clinical practice, PET/ CT inspects the body from the head to the pelvic floor and has the advantage of imaging the entire body during a single scan. Therefore, besides the regions of primary interest, various lesions are incidentally detected in PET/CT. One example is pulmonary nodules with or without FDG-avidity. In our study, PET/CT detected pulmonary nodules that were suggestive of metastasis in five cases. Of these, four were confirmed to be metastasis. In two cases, abdominal CT missed the pulmonary nodules located in the upper lobe because of the field of view. The remaining two cases showed the pulmonary nodules in the basal portion, which were detected by both PET/CT and CIS.
The specificities of PET/CT and CIS in the detection of recurrent CRC were identical in case-based analysis (97%). Similarly, Mester et al. [10] did not find a significant difference in the specificity between PET/CT and multidetector CT (94.4 vs. 94.4%). They mentioned that resolving hematomas, fat necrosis, and granulation tissue accompanying increased FDG uptake caused false-positive findings on PET/CT. In a review of 262 PET/CT scans of the patients with CRC in our study, 23% (8/35) of suspicious lesions on PET/CT were confirmed to be benign lesions. Although the CT portion of PET/CT provides assistance in terms of anatomic detail, it can often be difficult to differentiate between recurrent tumors and inflammation or infectious conditions associated with increased FDG uptake. The most frequent location of falsepositive PET/CT findings was the abdomen (n06), where it is well known that physiological or inflammatory bowel conditions or reactive lymph nodes can mimic malignant foci. The other lesion was located in the spleen (n01). Falsepositive uptake in the spleen can be associated with many inflammatory or hematopoietic diseases because of activation of the immune system in the white pulp or compensatory expansion of the red marrow [21] [22] [23] . Lastly, an inflammatory nodule in the lung (n01) was falsely interpreted to be a single metastatic nodule from CRC. This nodule was very small and had faintly perceptible FDG uptake. Small pulmonary nodules with little or no FDG uptake are known to cause difficulty in determining whether they have malignant potential. Regardless of the perceptibility of FDG uptake, pulmonary malignancy should be considered, especially if there is no accompanying benign lung lesion [24, 25] .
Several studies have reported that PET findings have a significant impact on management of patients with suspected recurrent CRC [26] [27] [28] . Given the retrospective nature of our study, the direct clinical influence of the greater detection of tumor recurrence could not be accurately determined. However, early detection of either recurrence or a second primary tumor may result in changes in treatment intent and may potentially confer a survival advantage. Among the 23 patients with recurrent disease that PET/CT detected, 1 patient underwent surgical intervention with curative intent, 8 underwent chemotherapy and/or radiotherapy, and 13 underwent surgical resection followed by chemoradiation therapy. The one remaining patient was not treated with any modality because of refusal of chemotherapy. Of four patients with newly diagnosed second primary tumors, three were treated surgically and one was treated with transcatheter arterial chemoembolization and radiofrequency ablation for HCC. A total of 26 patients who were referred for a subsequent treatment strategy were evaluated correctly by PET/CT. Furthermore, of these 26 patients, 4 (15%) would have otherwise missed the chance for appropriate treatment had they undergone CIS without PET/CT. In particular, approximately 50% of the patients with recurrent CRC showed stage III disease. Of four recurrent tumors correctly identified by PET/CT but missed by CIS, three were stage III. Therefore, in patients with advanced-stage disease, surveillance PET/CT may be mandatory.
Limitations of our study include its retrospective nature. We could not accurately examine the impact of PET/CT on the management of patients with recurrent CRC. Second, histopathological confirmation of PET/CT-positive or CISpositive lesions could not be performed in all cases.
Conclusion
Both PET/CT and CIS were effective for the detection of recurrences in patients who underwent surgery for CRC. However, in addition to evaluating the region of primary interest, PET/CT had the advantage of evaluating the entire body during a single scan and positively impacted the management of patients with CRC with unexpected recurrence.
